Background: This study aimed to determine human papillomavirus (HPV) vaccine uptake and willingness to receive HPV vaccination among female college students, in China, and its associated factors. Methods: An online cross-sectional survey of female college students across the eastern, central, and western regions of China was undertaken between April and September 2019. Partial least squares structural equation modeling (PLS-SEM) was used to examine factors associated with the HPV vaccine uptake and willingness to receive the HPV vaccine. Results: Among the total 4220 students who participated in this study, 11.0% reported having been vaccinated against HPV. There are direct effects of indicators of higher socioeconomic status, older age (β = 0.084 and p = 0.006), and geographical region (residing in Eastern China, β = 0.033, and p = 0.024) on HPV vaccine uptake. Higher knowledge (β = 0.062 and p < 0.000) and perceived susceptibility (β = 0.043 and p = 0.002) were also predictors of HPV vaccine uptake. Of those who had not received the HPV vaccine, 53.5% expressed a willingness to do so. Likewise, social economic status indicators were associated with the willingness to receive the HPV vaccine. Total knowledge score (β = 0.138 and p < 0.001), both perceived susceptibility (β = 0.092 and p < 0.001) and perceived benefit (β = 0.088 and p < 0.001), and sexual experience (β = 0.041 and p = 0.007) had a positive and significant direct effect on the willingness to receive the HPV vaccine, while perceived barriers (β = −0.071 and p < 0.001) had a negative effect on the willingness to receive the HPV vaccine. Conclusions: Geographical region and socioeconomic disparities in the HPV vaccination uptake rate and willingness to receive the HPV vaccine provide valuable information for public health planning that aims to improve vaccination rates in underserved areas in China. The influence of knowledge and perceptions of HPV vaccination suggests the importance of communication for HPV immunization.
about HPV vaccination rates is crucial to enable the Chinese government to plan or carry out effective strategies necessary to optimize uptake of the HPV vaccine.
The purpose of this study was to explore the uptake of HPV vaccination among young adult college women in China and its associated factors. The second objective was to identify factors associated with the willingness to receive the HPV vaccine among the unvaccinated female college students.
Materials and Methods

Study Participants and Survey Design
Using a cross-sectional design and convenience sampling method, young female college students were recruited from a total of 136 universities throughout eastern (78 universities), western (31 universities) , and central (27 universities) regions of China. Participating universities were those that responded positively to an invitation to assist with data collection. A survey was conducted between April and September 2019. The inclusion criteria were all female students from the participating universities. The survey was administered online. The link to the survey questions was sent to administrators and lecturers from all invited universities for dissemination to registered female students. In an attempt to achieve comprehensive recipient coverage, the link to the survey was also sent to students' social media groups or forums. Students who had received the survey link were also encouraged to forward the link to their peers.
Instruments
The questionnaire consisted of sections that assessed demographic characteristics, risk behaviors, knowledge, and health beliefs related to HPV infection and vaccination, HPV vaccine uptake, and willingness to receive the HPV vaccine.
Demographics and Sexual Risk Profile
Personal details including age, ethnicity, study program, and year of study were collected. The participants were asked to indicate whether they had partaken in any sexual activity, including vaginal, oral, and anal sex. The participants who had done so were asked about safe sex practice and their number of sexual partners. Safe sex was defined as sexual intercourse with the use of a male condom.
Knowledge of HPV and HPV Vaccination
The participants' knowledge was assessed using a series of questions regarding HPV infection, the relationship of HPV infection with the development of cervical cancer and genital warts, and HPV vaccination (20 item scale). The response options were "true", "false", or "don't know". A correct response was given a score of 1 and an incorrect or "don't know" response was scored 0. The possible total knowledge score ranged from 0 to 20, with higher scores representing higher levels of knowledge.
Beliefs Surrounding HPV and HPV Vaccination
Health belief model (HBM) derived items were used to measure the participants' beliefs about HPV vaccination [19] [20] [21] . The questions probed perceived susceptibility to HPV (three items), perceived severity of HPV infection (three items), perceived benefits of HPV vaccine (three items), and perceived barriers to getting a vaccination against HPV (two items). The response option was "agree" or "disagree".
Practice and Willingness to Receive HPV Vaccination
The participants were asked to indicate their HPV vaccination status. Those who had not received the HPV vaccination were asked about their willingness to receive the HPV vaccine in the near future. The response option was "yes" or "no".
The items in the questionnaire were content validated by several panel experts to ensure the relevance and clarity of the questions. After minor amendments, the questionnaire was pilot tested on randomly sampled students who were not included in the main study.
Ethical Considerations
This study was approved by the Medical School of Ningbo University Review Board, China (reference number 20190506). The students were informed that their participation was voluntary, and consent was implied on completion of the questionnaire. All responses were collected and analyzed without identifiers.
Statistical Analysis
All statistical analyses were performed using the Statistical Package for the Social Sciences, version 20.0 (IBM Corp., Armonk, NY, USA). A p-value of less than 0.05 was considered statistically significant. The reliability of knowledge items was evaluated by assessing the internal consistency of the items representing the knowledge score. The 20 knowledge items in the study sample had a reliability (Kuder-Richardson 20) of 0.931. Partial least squares structural equation modeling (PLS-SEM) was used to quantify the contributing factors of HPV vaccine uptake and willingness to receive the HPV vaccination. All variables showing statistically significant associations with HPV vaccine uptake and willingness to receive the HPV vaccination in the univariate analyses were included in the PLS-SEM. A bootstrapping approach was used to evaluate the significance of associations in the proposed model. Bootstrapping includes the random resampling of the original dataset to generate new samples of the same size as the original dataset. This technique not only assesses the reliability of the dataset but also the statistical significance of the coefficients and the error of the estimated path coefficients [22] . All PLS-SEM analyses were performed using SmartPLS 3.2.8 software (SmartPLS GmbH, Bönningstedt, Germany).
Results
Characteristics of Participants
A total of 136 universities from eastern (n = 78), central (n = 27), and western (n = 31) regions of China responded to the invitation to assist in recruiting participants for this survey. A total of 4220 completed responses were received between April and September 2019. The majority of the responses were from western China (40.8%), followed by eastern (38.4%), and central China (20.8%). A summary of the characteristics of the respondents is provided in the first column of Table 1 . Figure 1 shows the proportion of correct responses to knowledge items for vaccinated and unvaccinated participants. The proportion of correct responses for all the knowledge items was higher for vaccinated participants than for the unvaccinated participants. Among the items with a low proportion of correct responses were "there is a cure for HPV infection", "HPV can cause oral cancer" and "most people with HPV do not experience any symptoms". The mean total knowledge score of the vaccinated participants was 13.1 (SD ± 4.6) and it was significantly higher (t(4218) = 6.575, p < 0.001, and Cohen's d = 0.33) than the mean total knowledge score of the participants who had not received the HPV vaccine (11.5 ± 5.1). Figure 2 shows the proportion of agreement with HBM-derived items for vaccinated and unvaccinated participants. For items in the domains of susceptibility and perceived benefit, participants who received the HPV vaccination had a higher proportion of agreement than those who had not received the vaccination. However, there was a slightly higher agreement among the unvaccinated participants in two of the three perceived severity items. For perceived barriers to HPV vaccination, participants who had not received the vaccination reported a higher agreement for the item, "fear of side effects of HPV vaccination".
Knowledge about HPV and HPV Vaccination
Health Beliefs Regarding HPV and the HPV Vaccination
HPV Vaccination Uptake
A total of 463 participants (11.0%, 95% confidence interval (CI) 10.1 to 11.9) reported that they had been vaccinated against HPV, and 3757 participants (89.0%, 95% CI 88.1 to 89.9) reported that they did not have the vaccination. Univariate analyses indicated that HPV vaccine uptake was associated with older age, being in a higher year of study, place of birth in a city area, residing in eastern China, higher maternal and paternal education levels, a higher monthly disposable fund, perceived family economic status being rich or intermediate, having ever had sexual experience, a higher total knowledge score, a higher perception of susceptibility, and perceived effectiveness of the HPV vaccine (Table 1) . Figure 3 shows the factors affecting HPV vaccine uptake analyzed using PLS-SEM. The model showed that older age (β = 0.084 and p = 0.006), being born in a city area (β = 0.058 and p = 0.002), residing in eastern China (β = 0.033 and p = 0.024), a higher monthly disposable fund, a higher total knowledge score (β = 0.062 and p < 0.001), and a higher perceived susceptibility (β = 0.043 and p = 0.002) had a positive and significant direct association with HPV vaccine uptake. The adjusted R2 for vaccination status in this model was 0.04, which indicates that 4% of HPV vaccination uptake could be explained by this model. 
Willingness to Receive the HPV Vaccination
Among the 3757 participants who had not received the HPV vaccination, 53.5% (n = 2010) responded "yes" and 46.5% (n = 1747) answered "no" to willingness to receive the HPV vaccine. As shown in Table 2 , there were significant associations between most of the variables investigated and willingness to receive the HPV vaccine in the univariate analyses (Table 2 ). Figure 4 shows the factors affecting willingness to receive the HPV vaccination studied using PLS-SEM. The model showed that demographic characteristics, namely a higher family economic status (β = 0.03 and p = 0.039), a higher monthly disposable fund (β = 0.045 and p = 0.007), higher maternal education (β = 0.038 and p = 0.004), attending a large scale university (β = 0.037 and p = 0.012), and a higher year of study (β = 0.094 and p < 0.001) had significant direct associations with willingness to receive the HPV vaccine. Total knowledge score had the highest beta coefficient (β = 0.138 and p < 0.001), indicating significant relevance of knowledge in predicting willingness to receive the HPV vaccination. For the HBM construct, both perceived susceptibility (β = 0.092 and p < 0.001) and perceived benefit (β = 0.088 and p < 0.001) had positive and significant direct associations with willingness to receive the HPV vaccine, while perceived barriers (β = −0.071 and p < 0.001) had a negative association with willingness to receive the HPV vaccine. Having had sexual experience (β = 0.041 and p < 0.007) had a positive significant association with willingness to receive the HPV vaccine. The adjusted R2 was 0.094, indicating that 9.4% of willingness to receive the HPV vaccination could be explained by this model. 
Discussion
This study provides the first evidence of female college students' HPV vaccine uptake rate in mainland China. Nearly three years after the introduction of the HPV vaccines in China, the uptake rate of 11.0% (95% CI 10.1 to 11.9) among the surveyed participants implies the need to enhance HPV vaccine uptake among young women in China. Nevertheless, the rate is slightly higher than reported among young women in Hong Kong (9.7%), in 2008, when the vaccines were newly introduced to the country [23] . The HPV vaccine uptake rate has remained low in other countries in Asia, such as Singapore where only 13.6% women aged 18 to 26 years reported having been immunized against HPV [24] . In this study, based on the results of the PLS-SEM, indicators of higher socioeconomic status such as residing in the eastern region, being born in a city area, and a higher monthly disposable fund were found to correlate with the HPV vaccine uptake. This finding implies that socioeconomic status has an important role in influencing HPV vaccine uptake among female college students. There are gradually decreasing vaccination rates from eastern to western China corresponding to the decrease in socioeconomic status from the eastern to the western region. These regional differences in HPV vaccine uptake rates warrant considerable attention. A recent study showed that rural residents had higher incidence rates of cervical cancer than urban residents. Higher incidence rates occurred in central China, followed by western, and then eastern China [25] . It is important to note that although there are higher incidence rates of cervical cancer in central and western China, the HPV vaccine uptake in this study was lower among participants in the central and western regions. The HPV vaccination rates varied geographically according to the level of socioeconomic status found in this study, a finding consistent with that from Western countries [26, 27] . This demonstrates the importance of scaling up HPV vaccination coverage in central and western regions, where the highest incidence rates of cervical cancer and lower rates of HPV vaccine uptake were evident.
This study also observed a greater likelihood of HPV vaccination among older than among younger female college students. This highlights the need to promote HPV vaccination among younger age college students by informing them of the importance of early protection against HPV infections. It is important to inform them of recent evidence indicating that young women in China aged 25 and below presented the highest HPV infection rate [15] . They should also be aware that protection against HPV infections by vaccination is extremely important because mounting evidence shows that sexual intercourse among young undergraduate students in China is prevalent [28, 29] and that consistent condom use is reported by only slightly over half of the students with sexual experience [29] .
Another important highlight of the finding was the lower proportion of correct responses for all knowledge items among those who had not taken the vaccine as compared with those who had received the HPV vaccination. The PLS-SEM also revealed a strong influence of knowledge on HPV vaccine uptake. This indicates that increasing knowledge or awareness is an important factor in raising HPV vaccination rates. Perceived susceptibility was found to have a positive association with HPV vaccine uptake, which has likewise been found in many other studies on young adults in Asia and in Western countries [25, [30] [31] [32] . This highlights the importance of psychosocial predictors of HPV vaccine uptake in China. One possible tactic for raising the perception of susceptibility among young people is to raise their awareness of the high degree of infectiousness of HPV in China. It is of the utmost importance to inform young college women about recent data showing the high prevalence of HPV among women in China [13, 14] , and most importantly that young women are the group with the highest HPV infection rate [15] .
The proportion of nearly 54% female college students willing to receive HPV vaccination in this study is similar to that found in a recent smaller-scale study conducted among young women in China [33] . The model of willingness to receive HPV vaccination is important to informing strategies that emphasize a socioeconomic-based approach targeting lower-income groups and rural residents. Given the evidence of low willingness to receive the HPV vaccination and high cervical cancer burden among the lower socioeconomic group [25] , immediate strategies aimed at increasing HPV vaccine uptake among young women from lower socioeconomic groups in China are highly warranted. Various strategies have been suggested, and one example is the proposed "semi-mandatory HPV vaccination strategy," which subsidizes HPV vaccination targeted at low-income settings for high-risk individuals [34] . Subsidizing the underserved population is highly recommended as a cost-effectiveness analysis evaluating the public financing of HPV vaccination found that women from lower-income quintiles gained greater financial risk protection as compared with those in the upper wealth quintiles [35] . Furthermore, regional disparities in willingness to receive the HPV vaccination found in this study demand targeted approaches to enhance the willingness to be vaccinated against HPV in high-risk geographic areas, particularly in the central and western regions of China.
The model also revealed that among all factors investigated, knowledge was identified as a strong driver of willingness to be vaccinated against HPV infection. A recent publication revealed that school-based education was effective and appropriate for increasing HPV-related knowledge and acceptability of HPV vaccines among junior middle school students in China [36] . Campus-based health education on HPV infection and cervical cancer prevention should, thus, be introduced to enrich and increase the level of knowledge and subsequent HPV vaccine coverage rate among female college students.
Our study suggests that imparting perceived susceptibility and perceived benefits could increase students' willingness to take the HPV vaccine. Having a good understanding of the potential benefits of the HPV vaccination could outweigh perceived barriers to receiving the HPV vaccination [30] . Information regarding the benefits of the HPV vaccination should be emphasized among young people. This includes information about the prevention of HPV infection and cervical cancers as well as the reduction of the occurrence of genital warts and anal and penile cancers [32] .
Our model indicated that students who have had sexual experience are more likely to express a willingness to receive the HPV vaccination. Further studies need to be conducted to find reasons for unwillingness to be vaccinated against HPV. These could include a perceived lack of risk due to not having had sexual intercourse or social stigma associated with seeking HPV vaccines, as found in other studies [37, 38] . The results indicate the need to highlight the importance of HPV vaccination among female college students who have never had a sexual experience. They should be made aware that HPV vaccination is most effective when administered before exposure to any HPV infection [39] .
Limitations
This study is not without limitations. The main limitations are the nature of the cross-sectional study, which was unable to provide inferential causality, and the use of self-reported data, which can be subject to self-reporting bias. Of note, the HPV vaccine uptake rate found by this study may not be nationally representative, and therefore warrants cautious interpretation. The results should be interpreted with caution. Despite these limitations, the sample was large with diverse sociodemographic backgrounds representative of female college students from the eastern, central, and western regions of China.
Conclusions
This study found that HPV vaccination rates remain critically low among female college students approximately three years after the licensure of the HPV vaccines in China. Despite the low vaccination rate, the overall acceptability of the vaccine among the unvaccinated was moderate. Most importantly, the study found associations between geographical region, socioeconomic status, and young college women's knowledge and beliefs about both HPV vaccine uptake and willingness to receive the HPV vaccine. The findings suggest that it is essential to establish a campus-based HPV immunization delivery program. 
